The experiment includes eight treatments in four replications: A. Unlimed: 1 All the plots were annually treated with equal amounts of 40 % potash fertilizer. No other nutrients were applied.
Soil samples were collected in September 1956 from the ploughing layer of all the plots. Late in the autumn 1957 samples from the various layers down to the depth of 70 cm were taken with a special bore. The latter set of samples was available only from one plot of each treatment.
Hay samples from all the experimental plots were collected in the summer 1957.
Methods pH was directly measured from the fresh soil samples with a Beckman pH-meter using glass electrode.
All the other analyses were performed on air-dried and ground samples. The potassium and calcium conditions of soil were characterized by the amounts of these cations extracted with 1 N ammonium chloride solution (3) .
Total nitrogen in soil and hay samples was determined by a modified Kjeldahl procedure which also allowed the colorimetric determination of total phosphorus and the flamephotometric estimation of total potassium from the same digest.
Inorganic phosphorus in the soil samples was characterized in several ways. The total amount was determined by the acid-alkali extraction used for the determination of total organic phosphorus (4). Acid soluble phosphorus is represented by phosphorus extracted with 0.2 N sulphuric acid in the ratio of 1 to 100, the time of extraction being one hour. The »exchangeable» phosphorus and the corresponding phosphorus concentration in soil solution were determined according to the method developed by Teräsvuori (6) ; only the ratio of soil to solution was lowered to half of that used by Teräsvuori for mineral soils, and heating of the mixtures of soil and phosphate solutions on open flame was substituted by heating on a boiling waterbath.
The hay samples were analyzed for organic and inorganic phosphorus by the shortened modification of the fractionation method developed by the author (2) . Calcium and magnesium in hay were determined from ash solution by the versenate method.
Results
Attention must be paid to the fact that the plots were clayed in 1941 Table 2 data are recorded which characterize the phosphorus conditions in the ploughing layer of the variously treated plots. The total amount of inorganic phosphorus is fairly low as it generally is in Finnish peat soils, even in the cultivated ones. The effect of phosphate applications is reflected in these values although the large variation in many cases hampers the occurence of statistically significant differences. This holds true also in regard to the acid soluble phosphorus. This fraction probably represents a mixture of both calcium and sesquioxide bound phosphorus. The »exchangeable» phosphorus was extracted by 0.1 N K 2 CO a -KOH solution and it gives a picture of the sesquioxide bound phosphorus. According to Teräsvuori (6), this is the part of soil phosphorus on which, under acid conditions, the phosphorus concentration of soil solution mostly depends. The figure in the last column is calculated on the basis of Freundlich's adsorption equation to correspond to the phosphorus concentration of solution in equilibrium with the »exchangeable» phosphorus found. Also these characteristics mostly reflect the various rate of phosphate application, although, owing to the large variation, the differences are not always significant. Also in regard to these data the disturbing effect of the nonuniform distribution of the clay may be one explanation for the large variation and for some of the unlikely figures. Also the possibilities exist that the experimental area is not homogeneous, and the fertilizers have not always been carefully spread. Yet, most attention must probably be paid to the fact that the fertilizers have been for eleven years applied as surface dressing. When the samples were collected from the ploughing layer the often very dense mat of green plants were cut away and with it the part of fertilizers which was accumulated quite on the surface. Thus the average phosphorus content of the sample that represents the ploughing layer, or the layer from the surface down to the depth of 20 cm, could be markedly decreased. It is alluring to apply this explanation particularly to some of the low analytical data obtained for the treatment with ground rock phosphate.
A picture of the vertical distribution of phosphorus in the variously treated plots is presented by i the figures in Table 3 . Since samples from only one replication were available the results have to be considered with certain reserve. Yet, it is quite evident that the largest part of the fertilizer-phosphorus hasbeen accumulated in the top two inches. This is not only true with the samples from the plots treated with rock phosphate but also with those from the superphosphate treatments. It seems that the lower application of these fertilizers have only slightly enhanced the phosphorus values, whereas the effect of the higher application is generally quite distinct.
According to the data reported in Tables 2 and 3 there seems to be no consistent evidence of a difference between the effect of these two fertilizers on the phosphorus The nitrogen content of hay is equal in all the plots which were treated with phosphate regardless of the level of the application or the quality of the phosphate fertilizer. The untreated plots have produced small amounts of hay with a high nitrogen content.
Also the potassium content of the hay appears to be the highest in the plots without phosphate, but even the hay produced by the lower phosphate applications contains a higher percentage of potassium than does the hay from the unlimed plots treated with the higher amounts of phosphate. There is no difference in this respect between the effect of the phosphorus fertilizers.
A most interesting result is revealed by the data for the phosphorus content of hay: in the higher treatments superphosphate has produced hay which is distinctly richer in phosphorus than that harvested from the rock phosphate plots. In the samples from the limed plots the phosphorus content of the »superphosphate hay» is 1.94°/ 00 whereas that of the »rock phosphate hay» is only 1.26°/ 00 . The corresponding data for the unlimed plots are 1.76°/ 0o an d 1.25°/ 00 , respectively. These differences are highly significant. The difference between phosphorus content of the hay samples from the plots treated with the lower amounts of phosphate is statistically nonsignificant, although even in this case a tendency to the superiority of the »super-phosphate hay» may be detected: the figures are 1.15°/ oo ar*d 1.06°/ 00 , respectively.
Since the yields produced by the corresponding phosphate treatments were equal, the amounts of phosphorus taken up by the crop in the superphosphate plots are higher than those harvested from the rock phosphate plots. For the 2P-treatments the former were 12.6 and 14.3 kg/ha whereas the latter were 8.9 and 9.1 kg/ha in the unlimed and limed plots, respectively. The phosphorus yield of the lower superphosphate treatment, 6.3 kg/ha, is not significantly higher than the corresponding phosphorus yield from the rock phosphate plots, 5 These figures indicate an equal content of organic phosphorus in all the hay samples, including those from the untreated plots. Thus, the differences in the total phosphorus content are proved to be due to the inorganic fraction.
Since it is known that magnesium and probably also calcium play a role in the phosphorus metabolism of plants, also the calcium and magnesium content of the hay samples was determined. The following data expressed on the basis of air-dry matter were obtained: (5) found that in acid mineral soils the soft rock phosphates were equal to basic slag in their effects on hay yields, phosphorus uptake and residual soil phosphorus. We can only hope that the same holds true also in regard to the present trial.
The most interesting result in this study is the low phosphorus content of hay in the rock phosphate plots. It is usually considered important that hay contains at least about 0.22 % phosphorus (5) . According to the present data only hay from the plots treated with 200 kg/ha of superphosphate barely meets this requirement. In this peat soil rock phosphate has, under the conditions of the year 1957, been able to produce hay containing only 0.14-0.15 % phosphorus of dry matter. It cannot be estimated on the basis of the available data how high applications of rock phosphate would be needed to reach the phosphorus level of hay of a good quality.
It could be expected that one reason for the different phosphorus content of the hay produced by superphosphate and rock phosphate, respectively, may be found in the botanical composition of the hay. This was studied but no distinct divergence in this respect could be detected. The timothy content varied in all the phosphate treatments within the same limits and the rest contained Poa, Festuca, Agrostis, and Deschampsia species.
Marked differences in the ability of plants to feed on rock phosphate are known to exist. About 40 years ago Truog (7) connected it with the calcium uptake by plant, and nowadays it is more exactly attributed to the root cation exchange capacity (1) . Monocotyledoneus plants are usually considered to be low in calcium uptake and therefore also poor feeders on rock phosphate.
This may, at least partly, explain the differences in the phosphorus uptake by the graminaceous crop from superphosphate and rock phosphate. Since the corresponding hay yields were equal it is obvious that these plants manage to produce organic matter in spite of the fairly low phosphorus content of the plant cells. The organic phosphorus content of all the hay samples was of the same magnitude which probably represents at least the minimum content absolutely necessary for the life of the cells. But it seems that the inorganic phosphorus content of the cells may vary quite markedly without any effect on the amount of organic matter synthesized.
The effect of rock phosphate has been studied in a lot of field trials in Finland. As far as the author knows, no particular attention has been paid to the phosphorus content of the crops. The result reported in the present paper may only be an exceptional case, particularly attributed to the fact that rock phosphate was applied as surface dressing and accumulated in the top layer. If, however, ground rock phosphate generally produces crops low in phosphorus the problem is more important. In every case, it needs further study.
Summary
Results are reported from a field trial on acid fen peat soil in which the effects of superphosphate and ground soft rock phosphate were compared as annual surface dressing on an old timothy ley. Until 1948 basic slag was used instead of rock phosphate; since that rock phosphate had been applied for ten years.
Owing to the large variation in the results from the replicate plots the differences in the phosphorus conditions between the various treatments were less distinct than could have been expected. The accumulation of phosphorus quite in the surface layer was demonstrated.
The hay yield produced by the annual dressing with 100 kg/ha of superphosphate in 1957 was equal to that produced by 130 kg/ha of rock phosphate. Also the yields from the treatments with 200 kg/ha of superphosphate or 260 kg/ha of rock phosphate were equal in size, but a significant difference was found in the phosphorus content of hay. In the superphosphate plots the P-content was about 0.21-0.23 per cent of dry matter, whereas in the rock phosphate plots only 0.14-0.15 per cent P in the dry matter was found.
